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IGNITION COIL 

Field Of The Invention 

The present invention is directed to an ignition coil of an ignition system in an 
5 internal combustion engine. 

Background Information 

An ignition coil is known from practice and is used, in particular, for triggering a spark 
plug of a motor vehicle's internal combustion engine operating by the spark ignition 

10 principle. The ignition coil forms an energy storage device and transformer via which 
electric power of a relatively low supply voltage, usually provided via a DC on-board 
electrical system of the particular motor vehicle, is converted into magnetic power, 
which is in turn converted into a high-voltage pulse at a certain point in time, when 
an ignition pulse is to be supplied to the spark plug used for igniting a fuel mixture in 

15 the combustion chamber of the engine. 

The known ignition coil includes a housing in which a magnetically active core made 
of ferromagnetic material, for example, iron, is situated. The core is surrounded by a 
first, primary, winding connected to a supply voltage, and a second, secondary, 
20 winding connected to a high-voltage terminal of the ignition coil. Both windings are 
usually made of copper wire. 

To convert the voltage delivered from the DC on-board electrical system of the motor 
vehicle into a high voltage, a current flows through the primary winding, which 

25 produces a closed magnetic field surrounding this winding and having a defined 

polarity. To deliver the stored electric energy in the form of high-voltage pulses, the 
electric current is turned off, so that the built-up magnetic field is forced to change 
polarity. This results in a high electric voltage in the secondary winding, which is 
near the primary winding and has a much higher number of turns than the primary 

30 winding. The previously formed magnetic field collapses due to the conversion of the 
now electric power at the spark plug. The spark plug discharges. Depending on the 
design of the secondary winding, the high voltage, a spark current, and a spark 
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duration during ignition of the fuel mixture supplied to the combustion chamber of 
the engine may be adapted to the particular requirements. 

To ensure the function of the ignition coil, the high voltage generated in it must be 
5 insulated from other electrically conductive parts. The secondary, i.e., high-voltage 
winding, is usually electrically insulated from other electrically conductive parts by 
electrically insulating materials and/or by air gaps. If such an insulation is insufficient, 
a secondary electric contact or an electrical breakdown from the high-voltage 
winding to another electrically conductive component of the ignition coil may occur. 
10 As a result, only a reduced high voltage, which is usually no longer sufficient for 
performing a reliable ignition at the spark plug, is available at the high-voltage 
terminal of the ignition coil. 

In regard to an electrical breakdown, critical components of the ignition coil may 
15 include the windings and in particular components of the magnetically active core. 
The core is usually grounded, so that a large electric potential difference exists 
between the secondary winding, which is at high voltage, and the magnetically active 
core. 

20 The risk of an electrical breakdown is determined not only by the potential 

difference, but also by the intensity of the electric field applied between the high- 
voltage winding and the particular electrically conductive component. The electric 
field intensity is highly dependent on the geometric conditions present. In particular, 
for physical reasons, corners or pointed surface contours of the particular 

25 component result in local increases in the field intensity, which in turn favor an 
electrical breakdown. Corners, points, or edges on electrically conductive parts 
situated in the range of influence of the high voltage thus represent a potential 
electrical breakdown risk in an ignition coil. 

30 The magnetically active core is usually made of stamped individual metal sheets 
packed to form a stack of a certain height. Therefore, the stack has numerous 
corner-like or pointed uneven features, in particular at its sides, which may result in 
strong excessive field intensities and therefore in a breakdown during the operation 
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of the ignition poil. To prevent the occurrence of electrical breakdowns, large 
insulation distances have been previously required or, when possible, good 
insulation materials have been used. 

5 An object of the present invention is to provide an ignition coil in which, despite the 
existence of a rough surface on an electrically conductive component, the risk of an 
electrical breakdown is small, and which may be manufactured with compact 
dimensions. 

10 Summary Of The Invention 

The ignition coil according to the present invention of an ignition system in an 
internal combustion engine, in which ignition coil at least one electrically conductive 
component is provided, at least in some areas, with a means for an electrically 
effective evening out of its surface, has the advantage that design-related uneven 

15 features, which favor an electrical breakdown, such as corners, edges, burrs, and 
the like, are evened out on the electrically conductive component, and the risk of an 
electrical breakdown is minimized. The distance may thus be reduced compared to 
the related art, while keeping the potential difference between this component and a 
component conducting high voltage constant, which allows for smaller ignition coil 

20 sizes. Alternatively, a larger potential difference between a component conducting 
high voltage and the component provided with a means for an electrically effective 
evening out of its surface may be achieved even with the same distance, which in 
turn results in improved performance of the ignition coil. 

25 In a preferred embodiment of the ignition coil according to the present invention, the 
means for an electrically effective evening out of the surface of the electrically 
conductive component is formed by an electrically conductive sheathing which has a 
smooth surface. This sheathing is an easy-to-apply means for covering or shielding 
a rough surface of the electrically conductive component, i.e., its uneven features, in 

30 an electrically effective manner. The sheathing thus reduces the excessive field 

intensities caused by the uneven features of the electrically conductive component. 
The risk of an electrical breakdown between a component conducting high voltage 
and the component provided with the sheathing is thus reduced. 
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The electrically conductive sheathing may be formed only in those areas of the 
electrically conductive component which have uneven features and thus carry the 
risk of breakdowns. 

5 

The sheathing is made, for example, of an electrically conductive plastic which is 
extruded onto the electrically conductive component or installed on the electrically 
conductive component as a separate part. It must always be ensured that the 
sheathing and the electrically conductive component are in contact. 

10 

The sheathing of the electrically conductive plastic has a thickness between 0.1 mm 
and 1 mm, preferably 0.5 mm, for example. 

In particular, the electrically conductive component is the magnetically active core of 
15 the ignition coil, which is usually formed from a sheet metal stack formed by 

stamped individual metal sheets and may have corners, edges, burrs or the like on 
its sides. 

The ignition coil according to the present invention is designed as a compact ignition 
20 coil, for example, which has an I core and a peripheral core, or O-core, which forms 
a magnetic circuit with the I core and encloses the system made up of the primary 
winding and the secondary winding. In this case, the component provided with the 
means for evening out the surface may be the I core and/or the peripheral core. 

25 Brief Description Of The Drawings 

Figure 1 shows a top view of an ignition coil according to the present invention. 

Figure 2 shows a section through the ignition coil according to Figure 1 along line II- 
II in Figure 1. 

30 

Figure 3 shows an overall multiple section through an ignition coil. 
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Detailed Description 

Figures 1 and 2-show an ignition coil 10 of an ignition system in an internal 
combustion engine designed as a spark ignition engine of a motor vehicle, which is 
otherwise not illustrated in detail. Ignition coil 10 is used for supplying a spark plug, 
5 also not illustrated in detail here, with high-voltage pulses, to ignite an air/fuel 
mixture contained in the combustion chamber of the engine. 

Ignition coil 10 represents a compact ignition coil and includes a housing 12 made of 
an electrically insulating plastic, in whose center a soft magnetic cuboid-shaped I 
10 core 14 is situated. 

Magnetically active I core 14 is surrounded by an insulator 16 made of cast resin, 
which is used as a coil form for a primary winding 18 made of copper wire, which is 
connected to a DC power supply in the vehicle via a low-voltage terminal 20 and 
15 thus may be supplied with DC voltage of 12 V, for example. 

Primary winding 18 is in turn surrounded by a coil form 22, which is used as the 
carrier for a secondary winding 24, which is under high voltage in operation and is 
connected to a high-voltage terminal 26 connected to a spark plug. 

20 I core 14, coil form 16, primary winding 18, coil form 22, and secondary winding 24 
form a module which is secured in housing 12 by being cast in cast resin in a way 
not shown here in detail. 

At the level of I core 14, housing 12 is surrounded by an O core, or peripheral core 
25 28, which is formed by a sheet metal stack, i.e., layered iron sheets, and is 

connected to I core 14 to form a magnetic circuit. The side of O core facing away 
from low-voltage terminal 20 has a screw lug 30, which is used for the ground 
contact. 

30 On its inside, i.e., on its side facing secondary winding 24, O core 28 is provided with 
an extruded, electrically conductive plastic sheathing 31 , which adjoins housing 12 
via a smooth surface and is used as a means for electrically evening out the inside 
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surface of O core 28 representing a sheet metal stack. Sheathing 31 has a thickness 
of approximately 0.5 mm. 

. Figure 3 shows a schematic, overall representation of the relationships in an ignition 
5 coil 32 according to the present invention and illustrates how a plastic sheathing is 
able to "electrically even out" the otherwise excessive field intensities occurring due 
to the edges of the iron core, which would make the risk of an electrical breakdown 
much higher. Such a plastic sheathing may be used in compact ignition coils, but 
also in bar coils, for example. 

10 

Ignition coil 32 has a magnetically active iron core 37, which is formed by a sheet 
metal stack. Iron core 37 has a side 33 formed with sharp edges and is surrounded 
by a sheathing 34 made from an electrically conductive plastic, which has a smooth 
surface and represents a means for electrically evening out side 33. In the areas of 
15 corners of iron core 37, sheathing 34 is provided with radii. Iron core 37 and 

sheathing 34 are in turn embedded in an insulating material 35, which is made of 
cast resin, for example. 

Iron core 37 cooperates with a secondary, i.e., high-voltage winding 36, of which the 
20 outer winding position is shown in Figure 3, and which is connected to a high-voltage 
terminal, and with a low-voltage, i.e., primary, winding, which is not illustrated in 
detail in Figure 3, and is connected to a low-voltage terminal. 
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